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Abstract approved:
and H Meyer
Callipyge (CLPG, n=16) and normal (N, n=11) lambs were
produced from Polypay dams and Dorset sires heterozygous for
the CLPG gene to study the effects of the gene on growth and
carcass and meat quality parameters. CLPG lambs had higher
average daily gain than N lambs (0.26 vs 0.23 kg/day, p<.05);
however, the CLPG gene did not affect feed efficiency. Lambs
were slaughtered in three groups to achieve moderate
uniformity in slaughter weight. At the time of slaughter,
weights of head, pelt, and internal organs were recorded. Two
leg muscles, two shoulder muscles, the longissimus dorsi
muscle, and two loin chops cut 2.5 cm thick, were dissected
from each carcass. CLPG lambs had a higher dressing percent
(p<.01) and lighter head, pelt, liver (all p<.01), and
kidney/pelvic fat (p<.05). CLPG lambs had less fat over 12th
rib (p<.05) and larger ribeye area (p<.01). CLPG lambs had
greater weights of Biceps femoris (42%, p<.05),
Semimembranosus (34%, p<.01), Triceps brachii (20%, p<.05),
longissimus dorsi muscle (29%, p<.01) and whole leg (6%,
Redacted for Privacyp<.05)  than N lambs. All the dissected muscles from all
 
carcasses and one whole leg from each ewe lamb carcasses
 
(n=11) were cooked to an internal temperature of 70°C.  CLPG
 
carcasses produced higher Warner-Bratzler shear values for
 
loin chops (4.79 vs 2.93 kg, p<.01), Biceps femoris (3.94 vs
 
2.92 kg, p<.05), Semimembranosus (4.75 vs 3.46 kg, p<.05) and
 
Longissimus dorsi muscle (5.29 vs 3.4 kg, p<.01) than N lambs.
 
However, no significant differences were detected in shear
 
values for Biceps femoris (3.10 vs 3.04 kg) or Semimembranosus
 
(3.77  vs  3.29  kg)  when the muscles were dissected after
 
roasting the whole leg.  The CLPG gene also had no effect on
 
the shear values for two dissected shoulder muscles (Deltoid
 
and Triceps brachii).  The two genotypes did not differ in
 
either cooking loss or percent moisture in any of the muscles
 
compared.
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CHAPTER 1
 
INTRODUCTION:
 
One  of  the  challenges  faced by the American  sheep
 
industry is to produce leaner lamb carcasses and increase
 
carcass  cutability.  This  situation  is  complicated  by
 
processors desire to procure heavier carcass.  According to
 
the  National Research Council,  American consumers  have
 
reduced their consumption of fat from animal products as they
 
have become more health conscious (NRC, 1988).  Recognizing
 
this trend, the American Sheep Producer's Council (ASPC, 1988)
 
recommended revising the  lamb grading system to  promote
 
production of leaner lamb carcass.  At that time only 36% of
 
the lambs slaughtered in the U.S. meet the standards (Tatum,
 
1987).
 
A recently discovered genetic mutation causing extreme
 
muscling in sheep appears to provide tremendous potential for
 
production of leaner lamb.  Reports to date have reported
 
large increases in muscle mass, especially in leg muscles and
 
Longissimus dorsi muscle, and a reduction in fat thickness for
 
lambs  expressing  the  mutation  compared  to  normal  lambs
 
(Koohmarie et al., 1995; Meyer et al., 1995a).
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This study was conducted to evaluate the effects of the
 
genetic condition on growth performance and carcass and meat
 
characteristics.
 3 
CHAPTER 2
 
REVIEW OF LITERATURE
 
2.1  BACKGROUND
 
In  1983,  a  gene which causes muscle hypertrophy in
 
growing lambs was detected in a commercial Dorset sheep flock
 
by Oklahoma producer Sam Karber.  Jackson and Green (1993)
 
reported that the muscular hypertrophy phenotype was inherited
 
in a normal Mendelian fashion in the  F1 generation as an
 
autosomal  dominant  gene.  It  was  later  found  that  the
 
phenotypic segregation ratio in backcrosses deviated from the
 
ratio expected from normal Mendelian inheritance (Cockett et
 
al., 1996).  Now it is known that the phenotype is expressed
 
in  a  non-Mendelian  pattern,  referred  to  as  polar
 
overdominance, meaning that the trait is expressed in only
 
heterozygous individuals which have inherited the gene from
 
their sires; the gene appears not to be expressed when it is
 
inherited from dams  (Cockett  et  al.,  1996).  Cockett  et
 
a/.(1994) termed the gene as "Callipyge" (CLPG) and the gene
 
has been mapped to Ovine chromosome 18 (Cockett et al., 1996).
 
The function of the gene and nature of mutation which leads to
 
muscle hypertrophy have not yet been characterized.
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2.2  EFFECTS OF CLPG VS OTHER FACTORS
 
2.2.1  Carcass Characteristics
 
2.2.1.1  Muscle weight
 
The most obvious characteristic of animals exhibiting the
 
CLPG gene is  muscle hypertrophy.  An interesting aspect of
 
this muscle hypertrophy is that carrier lambs do not manifest
 
muscular hypertrophy at the time of birth.  As the lambs grow,
 
unusual muscularity becomes noticeable from the age of 4-6
 
weeks.  Increased muscularity is particularly noticeable by
 
the time lambs reach slaughter weight.
 
Several studies have found that CLPG lambs have increased
 
muscularity in the hind limbs and Longissimus muscle compared
 
to normal lambs.  In a recent slaughter study with CLPG and
 
normal  lambs,  Meyer  et  al.  (1995a)  found  muscle mass
 
increases varying from 23 to 52% for individual muscles in the
 
hind limbs of CLPG lambs when compared to normal lambs.
 
Increases for specific muscles over normal lamb muscles were:
 
Biceps femoris major  (52%),  Semimembranosus  (51%),  Biceps
 
femoris caudal (24%), and Semitendinosus (23%).  Koohmaraie et
 
al.  (1995) reported  similar  effects of the gene on muscles
 
of hind limbs, observing increases of 42,  38, 26 and 31% in
 
the  weight  of  the  Biceps  femoris,  Semimembranosus,
 
Semitendinosus, and Gluteus groups, respectively.  Jackson et
 
al.  (1993b) reported that 9 out of the 10 muscles dissected
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from pelvic  limbs  (Superficial  gluteus,  Semimembranosus,
 
Tensor facia latae, Gluteus medius, Adductor, Semitendinosus,
 
Gracilis, Rectus femoris, Peronius tertius, and muscles of
 
Vastus group)  were significantly heavier  (p<.01)  in CLPG
 
lambs when compared to normal lambs; only the Peronius tertius
 
muscle was not enlarged.  The increases ranged from  23 to 63%
 
compared to normal lambs.  Koohmaraie  et  al.  (1995)  and
 
Jackson  et  al.  (1993b)  reported  32  and  45%  increases
 
respectively,  in Longissimus muscle weight for CLPG lambs
 
compared to in normal lambs.
 
There is some indication that the increase in muscularity
 
is greater in hind leg muscles than in shoulder muscles.  In
 
the thoracic limbs, the differences in muscle weights between
 
CLPG and normal lambs were much smaller than those in pelvic
 
limbs.  Jackson et al.  (1993b) reported that Biceps brachii
 
(20%), Triceps brachii (22%) and Extensor carpi radialis (16%)
 
were significantly larger in CLPG lambs than in normal lambs
 
(all p<.01)  but found no CLPG effect on weight of other
 
forequarter muscles measured.  The increased muscularity in
 
forequarter muscles reported by the above cited researchers do
 
not support the interpretation by (Cockett et al., 1994) that
 
the  muscling  effect  is  exclusive  to  hindleg  muscles.
 
Koohmaraie et al.  (1995) reported increases of only 6.9 and
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2.9%  for  the  Infraspinatus  and  Supraspinatus  muscles,
 
respectively.
 
Results from several studies have indicated a remarkable
 
increase in rib eye area(REA) in CLPG lambs compared to normal
 
lambs.  Researchers have reported increases of 22 to 33%
 
(Snowder et al.,  1994),  34%  (Koohmaraie et al.,  1995), 70%
 
(Meyer et al.,  1995a), and 80%  (Jackson et al.,  1993b)  for
 
CLPG lambs produced from heterozygous Dorset rams and a
 
variety of dam genotypes.
 
Genetic variation in muscularity among breeds has been
 
known for some time,  however,  the study of Meyer et  al.
 
(1995b)  is the only reported comparison of lambs sired by
 
Dorset rams heterozygous for the CLPG gene vs normal lambs
 
sired by terminal sires (Suffolk and Texel).  They found that
 
Dorset-sired CLPG lambs had larger REA (19.8 cm2) than their
 
normal  half-sibs (14.5 cm2), Suffolk-sired lambs(15.1 crre),
 
and Texel-sired lambs (16.2 cm2)(p<.01).
 
Breed effects on REA as noted by Meyer et a/.(1995b) have
 
been studied extensively.  Many studies have included the
 
popular Suffolk breed.  For instance, Blackburn et al.  (1981)
 
reported that crosses from Suffolk sires had larger loin eye
 
size than lambs sired by Columbia rams.  Similarly, Meyer et
 
al.  (1994) reported that lambs from Suffolk sires had larger
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rib eye area (15.8 cm2)  than lambs sired either by Columbia
 
(15.2 cm2) or New Zealand Dorset (15.0 cm2) rams.  Meyer
 
et al.  (1994)  also reported that progeny of blackface ewes
 
exhibited larger rib eye area than lambs from whiteface ewes
 
(16.0 vs 14.6 cm2).  Dahmen et al.  (1985) reported larger rib
 
eye area for Suffolk-sired lambs  (16.2 cm2)  than for lambs
 
sired by Lincoln rams  (15.4  cm2).  However, Morrison and
 
Dahmen (1982) did not find any significant difference between
 
lambs with either 1/2 or 3/4 levels of Suffolk breeding.
 
Boylan  et  al.  (1976)  compared  Suffolk,  Targhee,
 
Finnsheep,  and Minnesota  100  carcasses  and reported the
 
largest rib eye area for Suffolk carcasses (14.97 cm2) and the
 
smallest for Finnsheep (11.48 cm2) with Minnesota 100(12.90
 
cm2), with Targhee carcasses (12.97 cri) being intermediate.
 
The physiological mechanisms causing genetic muscle mass
 
differences are not known for either the CLPG gene effect or
 
for breed differences.  It is also not known whether the two
 
source of genetic variation have the same basis.  However,
 
when beta adrenergic agonist (BAA; available synthetically as
 
clenbuterol,  cimetrol  and  L-644,699)  is  fed  to  lambs,
 
hypertrophy of muscles occurs in a fashion similar to that
 
observed in lambs expressing the CLPG gene.  Kim et al.  (1987)
 
reported a 27% increase in primal cuts and a 38% increase in
 
REA in lambs fed BAA compared to control lambs.
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When Koohmaraie et al.  (1996) administered BAA to CLPG
 
lambs, they found little effect; of 10 muscles dissected and
 
weighed,  only  quadriceps  femoris  and  supraspinatus  were
 
increased by BAA.  They interpreted this to mean that muscle
 
growth rates were near maximum in lambs expressing the CLPG
 
gene, regardless of BAA treatment.
 
2.2.1.2  Carcass fat
 
Excess carcass fatness has become a major problem in the
 
lamb industry.  The percentage of consumers citing fat content
 
of lamb cuts as a major concern has almost doubled during the
 
1980's (NRC, 1988).  The  CLPG gene may offer a solution to
 
the problem since CLPG animals exhibit a major reduction in
 
carcass fatness.
 
Meyer et al.  (1995a) reported CLPG lambs to have less fat
 
over the loin (50%) and rib (31%), and smaller amounts of fat
 
in the kidney pelvic depot (38%).  Koohmaraie et a/.(1995)
 
also reported a significant reduction (24%) in kidney/pelvic
 
fat (KPF) for CLPG lambs when compared to normal lambs.
 
In the only report comparing CLPG gene effects with
 
variation among common sire breeds, Meyer et  al.  (1995b)
 
compared lambs sired by CLPG Dorset rams heterozygous for the
 
CLPG gene with lambs sired by normal Suffolk and Texel rams.
 
They found that CLPG Dorset crossbred lambs had lower KPF (.85
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kg) than their normal half-sibs (1.10 kg) or Suffolk (1.13 kg)
 
or Texel (1.04 kg) crossbred lambs from comparable dams.
 
Several studies have evaluated fatness in sire breeds
 
comparing blackface vs whiteface rams; lambs from blackface
 
rams have generally been reported to be leaner than lambs
 
sired by whiteface rams.  For instance, in a comparison of
 
lambs from Suffolk and whiteface rams (Columbia and Dorset),
 
Meyer et al.  (1994) reported significantly lower fat thickness
 
over 12th rib, lower rib and sacrum for lambs sired by Suffolk
 
rams.  However,  Leymaster and Smith  (1981)  reported that
 
Columbia-sired lambs produced leaner carcasses than Suffolk­
sired lambs.  The apparent inconsistency in results may be due
 
to the lighter slaughter weight of lambs in the study of
 
Leymaster and Smith (1981).  It could be also be due to the
 
charactersitics of the different sires used.
 
Dahmen et al.  (1985) reported that lambs sired by Suffolk
 
rams had lower adjusted fat thickness over the 12th rib, lower
 
body wall thickness, and a lower percentage of internal fat in
 
comparison to lambs sired by Lincoln rams.  Morrison and
 
Dahmen (1982) reported lambs with 50% or more Suffolk breeding
 
had lower values for adjusted fat thickness over the 12th rib,
 
percentage of internal fat and body wall thickness compared to
 
those with less than 50% or no Suffolk breeding.
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In a comparison among whiteface breeds, Arnold and Meyer
 
(1988) reported that Polypays had less subcutaneous fat over
 
the  Longissimus  muscle  and more  kidney/pelvic  fat  than
 
Coopworths.  This may be due to the Finn breed contribution to
 
the Polypay genotype, since introduction of Finn genes has
 
been shown to decrease subcutaneous fat depth while increasing
 
kidney pelvic fat.
 
In Europe, the Texel is a preferred terminal sire breed
 
(More o'ferrall and Timon, 1977a,b; Cameron and Drury, 1985;
 
Kempster  et  al.,  1987).  In  a  comparison of Texels and
 
Suffolks, Leymaster and Jenkins (1993) reported that progeny
 
of Texel and Suffolk sires did not differ significantly for
 
weight of kidney/pelvic fat or depth of fat at the 4th sacral
 
vertebra.  However,  they found that the Texel-sired lambs
 
consistently had greater fat depth at the 12th rib.
 
Lamb gender is another factor which influences carcass
 
fatness.  It is well known that carcasses from ram lambs are
 
leaner than carcasses from wethers (Turton, 1969).  Arnold and
 
Meyer (1988) reported that rams had less subcutaneous fat over
 
the Longissimus muscle and less kidney pelvic fat than did
 
wethers; they also reported that delayed castration resulted
 
in less subcutaneous fat over the Longissimus muscle than
 
early castration.  Ewes tend to have higher fat deposition
 
than wethers.  Hohenboken et al.  (1976) and Hohenboken (1977)
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reported greater fat thickness and more kidney/pelvic fat for
 
ewe lambs than for wethers.
 
Other factors shown to affect carcass fatness include
 
slaughter weight and feeding regimen.  Slaughtering lambs at
 
heavier weights tends to increase carcass fatness (Southam and
 
Field,  1969; Lambuth et al.,  1970; Steele and Hohenboken,
 
1972).  Lambs raised on pasture have been found to be leaner
 
than lambs raised in drylot (Ely et al., 1979).
 
2.2.1.3  Dressing percent 
At typical lamb commercial slaughter weights, dressing
 
percent averages 50 to 52%; CLPG lambs have been reported to
 
range from an average of 53% (Koohmaraie et a/.,1995) to 57%
 
(Jackson et al.,1993b).  Koohmarie et al.  (1995) reported a 2%
 
increase in dressing percent for CLPG lambs compared to normal
 
lambs (51 vs 53%), whereas, Meyer et al.  (1995a) and Jackson
 
et  al.  (1993b)  both reported  a  3%  increase  in dressing
 
percentage  (52 vs 55% and 54 vs 57%,  respectively).  The
 
largest effects of CLPG on dressing percent were reported by
 
Snowder et  al.  (1994)  for CLPG lambs sired by Dorset or
 
Suffolk rams heterozygous for the CLPG gene.  They reported
 
an increase of 5 to 8% in dressing percent for CLPG lambs
 
compared to normal lambs.
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Arnold and Meyer  (1988)  reported  a  higher dressing
 
percent for wethers vs ram lambs, which is typical of research
 
reports in the literature (eg. Makarechian et al., 1978; Lloyd
 
et al., 1981).  Ewe lambs tend to have an even higher dressing
 
percentage than wethers (Hohenboken 1977; Arnold and Meyer,
 
1988).
 
Other factors shown to affect dressing percentage include
 
breed, production systems and slaughter weight.  Glimp (1972)
 
found no significant differences in dressing percent among
 
Suffolk, Tarhgee, Fine wool, and Corriedale lambs.  The data
 
of Dickerson et al.  (1972)  indicate a tendency for higher
 
dressing  percent  from  Suffolk  than  from  Rambouillet,
 
Corriedale  or  Targhee  ram  lambs,  with  Dorsets  being
 
intermediate.  Thomas et al.  (1976) found no differences among
 
wethers that were 50% Hampshire or Suffolk and 50% of various
 
combinations of Finnsheep, Dorset and Rambouillet breeding.
 
2.2.2  Effects of CLPG on live animal
 
From the limited number of experiments which have been
 
conducted studying the performance of CLPG lambs, growth rate
 
does not appear to be affected by the CLPG gene.  Snowder et
 
al.  (1994) found that the presence of the CLPG gene did not
 
have an effect on average daily gain  (ADG); however, CLPG
 
lambs born to Columbia dams had higher ADG (.34 kg) than CLPG
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lambs born to Rambouillet dams  (.27  kg).  In a study by
 
Jackson and Green (1993) involving Rambouillet ram lambs, CLPG
 
lambs and normal lambs had  similar growth rates, but CLPG
 
lambs gained more efficiently than normal lambs.  Koohmariae
 
et  al.  (1996)  reported  that  intact  CLPG males  have  an
 
increased growth rate compared to CLPG wethers  (.28 vs .20
 
kg/day).  Brown et al.  (1994) also reported more efficient
 
feed conversion for CLPG lambs (.25 kg gain/kg  feed consumed)
 
than normal  (.20 kg gain/kg feed consumed);  the difference
 
approached statistical significance (p<.07).
 
Breed effects on growth rate as noted by Snowder et al.
 
(1994) have been studied extensively.  Numerous reports have
 
indicated that lambs sired by blackface rams have higher
 
growth rate when compared to lambs sired by whiteface rams.
 
For instance, Makarechian et al.  (1978) reported a higher ADG
 
for lambs sired by blackface rams (Hampshire and Suffolk) than
 
for lambs sired by Dorset rams  (.27,  .28 and  .24  kg/day
 
respectively; p<.01).  Vesely and Peters  (1966)  reported
 
post-weaning ADG of Suffolk, Targhee, Columbia, Rambouillet,
 
and Romnelet lambs,  and found that ADG for Suffolks was
 
significantly higher than for the other breeds  .20,  .18,.16,
 (
 
.15,  and .13 kg/day, respectively; p<.01).  Glimp  (1972)
 
reported higher gains for Suffolk lambs compared to lambs of
 
several whitefaced breeds (Targhee, "fine wool", Corriedale,
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Navajo).  Dickerson et al.  (1972) reported a ranking among
 
breeds of Suffolk (highest), Targhee, Corriedale, and Dorset
 
(lowest) for weight of ram lambs at 22 weeks of age.  Rastogi
 
et al.  (1975) reported that Suffolks excelled Columbias for
 
post-weaning  ADG.  Blackburn  et  al.  (1981)  reported
 
significant differences in growth rate for heavy lambs sired
 
by Suffolk or Columbia rams (.27 vs .23 kg/day); however, the
 
differences in feed efficiency between these two breeds were
 
not significant (9.5 vs 9.0 kg feed/kg gain).
 
The difference in growth rate between rams and wethers,
 
noted by Koohmaraie et al.  (1996)  with CLPG lambs,  is in
 
agreement with effects of gender reported in previous studies
 
with normal lambs.  Glimp (1972) compared all three genders
 
and reported that rams were superior in ADG to wethers (.28 vs
 
.25 kg/day) and both were superior to ewes (.24 kg/day) in the
 
pre-weaning period.  He also reported a higher ADG for rams
 
than for wethers (.28 vs .25 kg/day) during the post-weaning
 
period; post-weaning gain for ewes was not reported.  Dahmen
 
et al.  (1979) reported a slightly higher ADG for wethers than
 
for females (.26 vs .24 kg/day).
 
Another factor shown to possibly affect growth rate
 
and  feed  efficiency  is  the  feeding  of  beta  adrenergic
 
agonists(BAA).  The literature is mixed with regard to the
 
effects of BAA on lamb growth rates  (Kim et  al.,  1987;
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Kretchmar et al., 1990; Koohmaraie and Shackleford, 1991; Lee
 
and Kim,  1994).  Kim et al.  (1987)  reported the largerst
 
effect; Suffolk x Rambouillet wether lambs fed with cimaterol
 
had total weight gain and feed efficiency improved by 29 and
 
14%,  respectively.  It  is  likely that the improved feed
 
efficiency and gain were achieved by repartitioning of energy
 
from fat to muscle.
 
2.2.3  Effects of CLPG on meat characteristics
 
2.2.3.1  Cooking loss and cooking time
 
Chops from CLPG lambs have been reported to require a
 
longer cooking time than those from normal lambs (Meyer et
 
al., 1995a), which the authors indicated this may have been
 
due to the larger REA for the CLPG chops compared to normal
 
chops.
 
From the limited data available, it appears that loins
 
from CLPG lambs suffer greater cooking loss than those from
 
normal lambs.  This was found both for grilled CLPG loin chops
 
vs chops compared from normal half sibs (Meyer et al., 1995a)
 
and in comparisons of CLPG lambs with those sired by Suffolk
 
and Texel rams (Meyer et al., 1995b).  The difference between
 
genotypes for grilled loin chops was also observed by Busboom
 
et al.  (1994)  for comparisons of loin roasts.  Very little
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data has been reported for meat other than loins, but Meyer et
 
al.  (1995a) found no difference between the two genotypes for
 
weight loss from individually cooked leg muscles.
 
Breed, sex, and final weight are other factors which may
 
influence the cooking loss in normal lambs.  Lloyd et al.
 
(1981) reported higher cooking loss in loin chops from Targhee
 
lambs than from Suffolk x Targhee lambs.  Cooking loss was
 
lower in chops from light weight lambs than those from heavy
 
weight lambs, and chops from rams had lower cooking loss than
 
those from wethers.
 
2.2.3.2  Tenderness
 
Tenderness is an important palatability trait in meat.
 
The Longissimus muscle from CLPG lambs is tougher than that
 
from normal  lambs  (Jackson  et  al.,  1994;  Carpenter  and
 
Solomon,  1995;  Goodson et al.,  1995; Kerth et al.,  1995;
 
Koohmaraie et al.,  1995; Meyer et al.,  1995a,b; Solomon et
 
a/., 1995; Field et al., 1996).  Meyer et al.  (1995a) reported
 
that shear force of loin chops was 114% greater for CLPG lambs
 
when compared to normal lambs  (4.7 vs 2.2 kg) but the CLPG
 
gene did not have any effect on shear values for Biceps
 
femoris or Semimembranosus muscles.  In a study including
 
other breeds, Meyer et  al.  (1995b)  reported higher shear
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values from loin chops of CLPG Dorset lambs than from chops of
 
normal Dorset, Suffolk, and Texel lambs (5.38, 2.89, 2.76, and
 
2.89  kg,  respectively).  When Koohmaraie  et  al.  (1995)
 
compared shear values for lamb loin chops aged 1,  7, and 21
 
days,  they found shear force decreased during postmortem
 
storage in normal lambs; however, these changes were minimal
 
in CLPG lambs, resulting in higher shear values for CLPG lambs
 
even after 21 days postmortem compared to shear values for
 
normal lambs  at  1  day postmortem  (8.2  vs  7.5  kg).  The
 
increased toughness of CLPG meat has been attributed to higher
 
calpastatin  activity,  resulting  in  decreased  protein
 
degradation  (Goodson  et  al.,  1995;  Kerth  et  al.,  1995;
 
Koohmaraie et al., 1995).
 
The gender effects on shear values have been studied
 
extensively;  however,  results  have  not  been  consistent.
 
Previous research reports indicate that shear values for rams
 
are generally higher than those for wethers (Gates et al.,
 
1964; Ray and Mandigo, 1966; Cunningham et al., 1967; Oliver
 
et al., 1967).  However, Lloyd et al.  (1981) reported lower
 
shear values for ram lambs than for wether lambs. Ray and
 
Mandigo (1963) reported no difference in shear value for meat
 
from ram or ewe carcasses, while  Bradford and Spurlock (1964)
 
found no significant differences in tenderness and quality
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between ram and wether meat, as evaluated by a trained taste
 
panel.
 
Flavor differences between rams and wethers are generally
 
small in animals that are less than 6 months of age and weigh
 
less than 55 kg at slaughter (Field, 1971), but undesirable
 
flavors may appear in rams slaughtered at older ages or
 
heavier weights (Misock et al., 1976; Crouse et al., 1981).
 
Breed has been found to have very little effect on
 
tenderness of meat samples.  Vesely and Peters (1966) reported
 
that Rambouillet, Romnelet, Columbia, Targhee,  and Suffolk
 
lambs did not differ in tenderness for either shoulder or leg
 
samples.  Similarly,  Lloyd  et  al.  (1981)  reported  no
 
significant difference between Suffolk x Targhee and Targhee
 
lambs in tenderness of the Longissimus muscle.
 
Previous research (Weber and Loefell, 1932; Batcher et
 
al.,  1962; Pearson,  1966) with normal lambs indicates that
 
advanced maturity is associated with decreased tenderness.
 
Batcher et al.  (1962) reported decreased tenderness of meat as
 
age of animal increased when cuts from the rib-loin were used,
 
but no effect was found for leg cuts.  Similarly, Lloyd et al.
 
(1981) reported a significantly lower Warner-Bratzler shear
 
value  for  the  Longissimus muscle  from lightweight  lambs
 
compared to heavier lambs.  These results do not concur with
 
those of Weller et al.  (1962), who reported that tenderness
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measured by scores, "chews" and shear force did not change
 
significantly with age(150 vs 245 days) or live weight(85 vs
 
135 lbs) in Columbia wethers.
 
BAA03-adrenergic agonist) feeding also increases shear
 
force  values  (Beerman,  1985;  Kretchmar  et  al.,  1990;
 
Koohmaraie and Shackleford,  1991;  Wheeler and Koohmaraie,
 
1992; Lee and Kim, 1994).  Kretchmar et al.  (1990) reported a
 
twofold increase in shear force values for loin chops from BAA
 
treated lambs when compared to normal chops at 3 and 6 days
 
postmortem (p<.001).  Similar findings have been reported by
 
Hamby et al.  (1986).  This increase may be related in part to
 
the decreased proteolytic capacity of skeletal muscle from BAA
 
treated animals.
 20 
CHAPTER 3
 
MATERIALS AND METHODS
 
3.1  ANIMALS FOR THE EXPERIMENT
 
Twenty seven lambs, 11 normal and 16 CLPG, produced from
 
Polypay dams and Dorset sires heterozygous for the CLPG gene,
 
were  available  for  this  study.  Of  the  17  male  lambs
 
available,  11  were castrated by elastrator bands applied
 
within 24 hr of birth.  Genotype (CLPG vs normal) was assigned
 
to each lamb on the basis of visual appraisal at 1,  2, and 3
 
months.  Assignments were later confirmed by grading legs of
 
carcasses.  Ewes and lambs were managed as a single group on
 
pasture until lambs were weaned at approximately 3 months of
 
age.  Following weaning, lambs were grown as four groups in
 
pens as normal (male and female separately) and CLPG (male and
 
female separately).  Individual animal weights  and pen feed
 
intake were measured bi-weekly.  Lambs were fed a pelleted
 
concentrate diet from weaning to the end of the experiment.
 
Lambs  were  slaughtered  in  three  groups  to  achieve
 
moderate uniformity in slaughter weights.  The lambs were
 
slaughtered at the Oregon State University Clark Meat Science
 
Laboratory.  Lambs were fasted (feed removed at 4 pm the day
 
prior  to  slaughter)  but  had  continued  access  to  water
 
overnight.  They were weighed at the sheep unit in early
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morning and immediately transported to the Clark Meat Science
 
Laboratory  where  they  were  slaughtered  under  standard
 
procedures.
 
At the time of slaughter, head, pelt, full G.I. tract
 
(stomach weighed separately from the rest), kidney/pelvic fat,
 
liver, lungs, and heart were weighed.  Hot carcass weight was
 
determined and carcasses were chilled at 4°C for 24 hrs.
 
Cold carcass weight was recorded 24hrs after slaughter.
 
At that time the left Longissimus muscle was dissected from
 
each carcass, weighed, labeled, packaged in Cryovac bags and
 
stored at -18°C for later cooking studies.
 
3.2  CARCASS MEASUREMENTS AND MUSCLE DISSECTION
 
At 48 hrs post slaughter, carcasses were severed between
 
the 12th and 13th ribs, and measurements were taken for ribeye
 
area (REA), fat depths over the ribeye and sacrum. Carcasses
 
were then split longitudinally with a band saw and broken into
 
wholesale cuts.  Each wholesale cut was weighed.
 
The right leg was weighed, trimmed to 0.25 cm fat, and
 
reweighed.  The Biceps femoris (BFM) and Semimembranosus (SEM)
 
muscles were then removed intact and weighed.  The Triceps
 
brachii (TB) and Deltoid (DM) muscles were similarly removed
 
from the shoulder and weighed.  All dissected muscles were
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labeled, packaged in Cryovac bags and stored at -18°C for
 
later cooking studies.
 
Trimmed legs from carcasses of the third slaughter group
 
were not dissected, but they were vacuum packed and stored
 
whole for later roasting.
 
Two loin chops cut 2.5 cm thick were removed from the
 
right wholesale loin of each carcass,  vacuum packed,  and
 
stored at -18°C with the dissected leg muscles.
 
3.3  COOKING TECHNIQUES
 
All samples were  stored for approximately 10 weeks. Loin
 
chops were thawed for 36 hrs at 3°C,  individually weighed,
 
and grilled on a preheated (200-220°C) Farber-ware smokeless
 
grill  (Model  # R 4550,  Farberware,  Inc).  During cooking,
 
internal temperature was monitored with a Leeds and Northrup
 
W12 temperature recorder via thermocouples inserted into the
 
center of  each chop.  Chops were  turned over when the
 
temperature reached 40°C and removed from the grill upon
 
reaching 70 °C internal temperature.  Ten minutes after removal
 
from the grill,  each chop was weighed to determine total
 
cooking loss.
 
Shoulder (Triceps brachii and Deltoid) and leg
 
(Biceps femoris and Semimembranosus) muscles were individually
 
defrosted for 4 hrs at room temperature and 20-36 hrs at 3°C,
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weighed, and placed on a wire rack in an aluminum pan.  The
 
entire muscle and pan were wrapped in heavy aluminum foil and
 
placed in a preheated (177°C) electric oven (Kenmore) until
 
the meat reached an internal temperature of 70°C.  Temperature
 
and cooking time were monitored and recorded as for the chops,
 
and cooked sample were weighed 10 minutes after removal from
 
the oven to determine total cooking loss.
 
A 7.6 cm section was cut from the center of each frozen
 
dissected  left  Longissimus  muscle.  The  sections  were
 
defrosted and cooked as for the dissected shoulder and leg
 
muscles.
 
3.4  COLOR DETERMINATION
 
A 0.5 cm slice was cut from the surface of each cooked
 
meat sample to obtain interior color values.  These were
 
expressed as lightness (L), redness (al, and yellowness (bl
 
using the Minolta Labscan which was standardized against a
 
white ceramic tile with calculated values of L = 94.0;
 
a' = -0.9; and b' = 1.2.
 
3.5  WARNER-HRATZLER SHEAR FORCE
 
A minimum of three cores, each of 1.27 cm diameter and
 
taken parallel to the muscle fibers, were collected from each
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loin chop and each roasted muscle.  They were severed with
 
Warner-Bratzler shear apparatus  (25  kg X 50  g dyanometer
 
scale, G.R. Electric Mfg. Co., 1317 Collins Lane, Manhattan,
 
KS) to measure shear force.
 
3.6  MOISTURE CONTENT ESTIMATION
 
The  AOAC  oven method  (Horwitz,  1980)  was  used  to
 
determine moisture content of cooked meat.  Samples weighing
 
40-50 g were collected from each grilled chop or roasted
 
muscle, cut into small pieces, frozen in liquid nitrogen, and
 
powdered.  Triplicate subsamples, each of approximately 10 g,
 
were weighed, dried in a vacuum oven at 95°C for 36 hrs, and
 
re-weighed to determine moisture loss.
 
3.7  DATA ANALYSIS
 
Data was analyzed by the GLM procedure in SAS (SAS, 1990)
 
fitting lamb genotype and gender as main effects.  Live weight
 
was included as a covariate in analyses of body component data
 
(head,  pelt,  stomach,  intestine,  liver,  lungs,  heart,  and
 
omental fat).  Cold carcass weight was included as a covariate
 
in analyses of carcass measurements (weights of neck, shank,
 
shoulder,  loin,  rack,  riblets, breast, muscle weights, and
 
legs, REA and fat over 12th rib and sacrum).  Leg muscle (BFM
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and SEM) cooking data were analyzed by fitting genotype and
 
cooking technique (roasted as individually dissected muscles
 
or as whole leg) as main effects.  Gender was not included in
 
the model because whole legs were from females only; however,
 
preliminary analysis  of  leg muscles  cooked  individually
 
indicated no evidence of a gender effect.  Loin cooking data
 
were  analyzed  by  fitting  genotype,  gender  and  cooking
 
technique  (grilled chops vs roasted section of dissected
 
Longissimus muscle).  All 2-way interactions were included in
 
all initial analyses and were dropped from final analysis if
 
p>.50.
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4.1  ABSTRACT
 
Callipyge (CLPG, n=16) and normal  (N, n=11) lambs were
 
produced from Polypay dams and Dorset sires heterozygous for
 
the CLPG gene to study the effects of the gene on growth and
 
carcass parameters.  Lambs were grown as four groups with
 
males and females of each genotype grown separately.  Live
 
body weights were recorded bi-weekly until the lambs were
 
slaughtered.  CLPG lambs had higher average daily gain than
 
N lambs(0.26 vs 0.23 kg/day, p<.05) ;  however, the CLPG gene
 
did not affect feed efficiency.  Lambs were slaughtered in
 
three groups to achieve moderately uniform slaughter weights.
 
At slaughter, weights of head, pelt and internal organs were
 
recorded.  Carcasses were sectioned between the 12th and 13th
 
ribs for determination of ribeye area (REA) and fat depth over
 
ribeye and sacrum.  Two leg muscles (Biceps femoris (BFM) and
 
Semimembranosus (SEM)), two shoulder muscles (Deltoid (DM) and
 
Triceps brachii (TB)), and the intact Longissimus muscle were
 
dissected out of each carcass.  CLPG lambs had higher dressing
 
percent (p<.01) and lighter head, pelt, liver (all p<.01), and
 
kidney pelvic fat (p<.05).  They also had less fat over the
 
ribeye (p<.05), and larger REA (p<.01) and had greater weights
 
of BFM (42%, p<.05), SEM (34%, p<.01), TB (20%, p<.05), and
 
whole loin muscle (29%, p<.01).
 
Key Words: Lamb, Callipyge, Growth
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4.2  INTRODUCTION
 
In order to improve the acceptability of domestic lamb
 
products, the American Sheep Producer's Council (ASPC, 1988)
 
suggested a revised lamb grading system to promote production
 
of leaner lamb carcass.  At the time of implementation, only
 
36% of the lambs slaughtered in the U.S. met the proposed
 
standards (Tatum, 1987).
 
The discovery of  a  genetic mutation causing extreme
 
muscling in sheep appears to provide tremendous potential for
 
production of leaner lamb carcasses.  Preliminary reports from
 
lambs expressing this gene (termed Callipyge, CLPG by Muggli-

Cockett  et  al.,  1993)  have  superior  feed  efficiencies,
 
increased dressing percentages, larger Longissimus area and
 
higher cutabilities than normal half-sibs (Jackson and Green,
 
1993; Jackson et al., 1993a).  Moreover, Callipyge lambs have
 
increased muscularity in leg muscles and reduced fatness
 
compared to normal lambs (Jackson et al., 1993b; Koohmaraie et
 
al., 1995; Meyer et al., 1995a).  The objective of this study
 
was to determine the effect of the Callipyge gene on growth
 
performance and carcass characteristics.
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4.3  MATERIALS AND METHODS
 
4.3.1  Animals for the experiment
 
Twenty seven lambs, 11 normal and 16 CLPG, produced from
 
Polypay dams and Dorset sires heterozygous for the CLPG gene,
 
were available for the study.  Of the 17 male lambs available,
 
11 were castrated by elastrator bands applied within 24 hr of
 
birth.  Genotype was preassigned to each lamb on the basis of
 
visual  appraisal  at  one,  two,  and three months of  age.
 
Assignments were confirmed by lamb carcass grading.  Ewes and
 
lambs were managed as a single group until weaning.  Following
 
weaning, lambs were grown as four groups in pens as normal
 
(male  and  female  separately)  and CLPG  (male  and  female
 
separately).  Individual weight gain and pen feed intake were
 
monitored bi-weekly.
 
Lambs were slaughtered in three groups to achieve
 
moderate uniformity in slaughter weights.  The lambs were
 
slaughtered at the Oregon State University Clark Meat Science
 
Laboratory.  They were fasted (feed removed at 4 pm the day
 
prior  to  slaughter)  but  had  continued  access  to  water
 
overnight. Lambs were weighed at the sheep unit in early
 
morning and immediately transported to the Clark Meat Science
 
Laboratory  where  they  were  slaughtered  using  standard
 
procedures.
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At the time of slaughter,  head,  pelt,  full G.I.
 
tract  (stomach weighed separately from the rest),  kidney/
 
pelvic fat (KPF), liver, lungs, and heart were weighed.  Hot
 
carcass weight was determined and carcasses were chilled at
 
4°C for 24 hrs.
 
Cold  carcass  weight  was  recorded  24hrs  after
 
slaughter, and the left Longissimus muscle was dissected out
 
from each carcass.
 
4.3.2  Carcass measurements and muscle dissection
 
At 48 hrs post-slaughter, carcasses were severed between
 
the 12th and 13th ribs for measurement of rib eye area, fat
 
depth over the rib eye and sacrum, and body wall thickness.
 
Carcasses were then split longitudinally with a band saw and
 
broken into wholesale cuts.  Each wholesale cut was weighed.
 
The right leg was weighed, trimmed to 0.25 cm fat,
 
and reweighed.  The Biceps femoris (BFM) and Semimembranosus
 
(SEM)  muscles were then removed intact and weighed.  The
 
Triceps brachii  (TB) and Deltoid (DM) muscles were likewise
 
removed from the shoulder and weighed.  All dissected muscles
 
were labeled, cryovac wrapped and stored at -18°C for meat
 
quality studies discussed in the companion paper.
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4.3.3  Data analysis
 
Data was analyzed by the GLM procedure in SAS (SAS, 1990)
 
fitting lamb genotype and gender as main effects.  Live weight
 
was included as a covariate in analyses of body component
 
data, and cold carcass weight was included as a covariate in
 
analyses of carcass measures. Interactions were included in
 
initial analyses and were dropped from final analysis if
 
p>.50.
 
4.4  RESULTS AND DISCUSSION
 
4.4.1  Growth performance and feed efficiency
 
Mean body weights from birth through slaughter are shown
 
in table 4.1.  No significant effect of genotype was observed
 
for birth or weaning weight.  These results are in agreement
 
with Jackson et al.  (1993a) who reported no effect of the CLPG
 
gene on either birth or weaning weights.  CLPG and normal
 
lambs were of similar weight at birth; however, the CLPG lambs
 
were 0.5 kg heavier at weaning, 1.9 kg heavier at 4 months of
 
age, and 3 kg heavier at 5 and 6 months of age compared to
 
normal lambs.
 
Gender had no significant effect on the birth and weaning
 
weight of lambs.  At weaning, wethers were 0.5 kg heavier than
 
ewes and rams were 4  kg heavier than ewes.  In the post­32 
weaning period the differences between genders continued to
 
increase.  At 4 months of age, wethers were 1.7 kg heavier
 
than ewe lambs and ram lambs weighed 6.8 kg more than ewe
 
lambs.  At 5 months of age, wethers were 2.5 kg heavier than
 
ewe lambs and ram lambs were 8.3 kg heavier than ewe lambs
 
(p<.05).  At 6 months of age, wethers were 3.1 kg heavier than
 
ewe lambs and rams were  10.8  kg heavier than ewe  lambs
 
(p<.01) .
 
CLPG lambs grew significantly faster than normal lambs
 
following weaning (0.26 vs 0.22 kg/day; p.05).  The higher
 
growth rate of the CLPG lambs resulted in higher slaughter
 
weights (59 vs 55 kg).  These results are in disagreement with
 
previous published work, which did not find a growth advantage
 
for CLPG lambs  (Jackson and Green.,  1993; Snowder et al.,
 
1994).
 
Gender had a significant effect on the ADG of lambs for
 
the whole trial period (p<.01).  Ram lambs had a significantly
 
higher ADG than wethers and ewes  (0.30,  0.23, and 0.21 kg,
 
respectively).  These results agree with previous studies.
 
Glimp (1972) reported that ram lambs were superior to wethers
 
(.28 vs .25 kg/day) and wethers were slightly superior to ewes
 
(.25 vs .24 kg/day) in the pre-weaning period.  Dahmen et al.
 
(1979)  reported a slightly higher ADG for wethers than for
 
females (0.26 vs 0.24 kg/day).
 Table 4.1.  Least squares means (±SEM) for live body weight (kg), average daily
 
gain (ADG) and feed efficiency (FE) from birth to slaughter of Callipyge
 
(CLPG) and normal (N) lambs of the three genders.
 
Genotype  Gender
 
Age  CLPG  N  SEM  Ram  Wether  Ewe  SEM
 
Birth  3.85  4.33  .26  4.12  3.95  4.13  .38
 
Weaning  29.6  29.1  1.3  31.9  28.4  27.9  1.9
 
4 month  37.3  35.4  1.3  40.3  35.2  33.6  1.9
 
5 month  43.2  40.2  1.5  46.1b  40.2'  37.7b  2.1
 
6 month  52.9  49.8  1.7  57.5'  49.8'  46.7d  2.5
 
ADG,kg/day  0.26b  0.23a  0.01  0.29e  0.23d  0.21d  0.01
 
F.E,kg feed/kg gain  8.02  7.41  0.80  7.65 
_I- 7.79  0.80
 
a'b'c(P<.05); ("f(P<.01);
 
tRam lambs and wether lambs of each genotype were managed in single pens.
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CLPG and normal lambs did not differ significantly in their
 
feed efficiency.  These results do not agree with Jackson
 
and Green (1993) who reported CLPG lambs to be more
 
efficient.
 
4.4.2  Body components
 
The least squares means for body components are presented
 
by genotype and gender in table 4.2.  The mean final live
 
weight for CLPG lambs was 3.3 kg heavier than normal lambs
 
(p<.10), and they produced carcasses which averaged 3.3 kg
 
heavier  (p<.01).  CLPG  lambs  had  significantly  lighter
 
adjusted head (p<.05) and pelt (p<.01) weights when compared
 
to normal lambs. Among the other organs measured, CLPG lambs
 
had lighter liver (p<.01) and KPF (p<.05);  weight of the G.I.
 
tract did not differ between genotypes.  The lower internal
 
fat, lighter internal organs and lower head and pelt weights
 
in CLPG lambs all contributed to the 4% higher (p<.01) hot
 
carcass  %  of CLPG lambs. The component weights agree with
 
Koohmaraie et al.  (1995) who reported lighter lungs, liver and
 
kidneys for CLPG lambs.
 Table 4.2.	  Least squares means (±SEM) for pre-slaughter live weight (kg), hot
 
carcass weight (kg), hot carcass weight relative to live weight,
 
and weight of body components(kg) adjusted for live weight for
 
Callipyge (CLPG)  and normal(N)  lambs of three genders.
 
Genotype  Gender 
Trait  CLPG  N  SEM  Ram  Wether  Ewe  SEM 
Live animal  57.9b  54.6a  1.3  61.7h  54.0g  53.0g  1.6 
Hot carcass  34.6h  30.3g  .84  34.5be  30.8'd  31.9a  1.0 
Hot carcass%  59.7h  55.6g  .53  55.8g  57.1g  60.1h  .65 
Head  2.30h  2.62g  .07  2.84h  2.29g  2.26g  .10 
Pelt  5.05g  5.81h  .07  6.07h  5.69h  4.52g  .21 
Stomach full  4.54  4.53  .10  4.87  4.34  4.39  .25 
Stomach empty  1.78  1.92  .08  1.98  1.79  1.77  .10 
Intestine  3.69  3.61  .07  4.27'  3.28d  3.41d  .25 
KP fat  1.15e  1.37f  .09  0.97d  1.33'  1.47'  .09 
Liver  0.81g  0.91h  .02  0.86  0.81  0.87  .04 
Lungs  0.71  0.71  .04  0.58g  0.89h  0.66g  .05 
Heart  0.21  0.20  .01  0.20  0.21  0.21  .01 
Omental fat  1.78  1.73  .08  1.44g  1.76g  2.07h  .10 
',b'c(P<.10); d'''f(P<.05) ;  g'h"-(E).01) 36 
Gender had significant effects on both final live weight
 
and hot carcass percent (p<.01).  Ram lambs were significantly
 
heavier than both ewe and wether lambs (p<.01).  Ewe lambs had
 
significantly higher hot carcass percent than wethers and ram
 
lambs (p<.01).  Ram lambs had lower hot carcass percent due to
 
their significantly heavier head, pelt and intestine weights
 
(all p<.05)  and slightly heavier stomachs.  There were no
 
significant differences for the other organs measured, except
 
for lungs, for which ram and ewe lambs had significantly lower
 
values than wether lambs.  The results also indicate that the
 
ram lambs were leanest,  ewe lambs had the highest KPF and
 
omental fat, and the wether lambs were intermediate.  Ewe and
 
wether lambs also had more subcutaneous fat  at  12th rib
 
(p<.05) which resulted in higher hot carcass percent for the
 
two sexes.
 
4.4.3  Carcass measures
 
Least square means are given in table 4.3 for  carcass
 
measures.  CLPG lambs had 4  kg heavier mean cold carcass
 
weight (p<.01) than normal lambs.  Part of the heavier cold
 
carcass weight was due to heavier slaughter weights, but CLPG
 
lambs also exhibited a 4% higher dressing percent when
 Table 4.3.  Adjusted least squares means (±SEM) for carcass characteristics  of
 
Callipyge (CLPG) and normal (N) lambs of three genders.
 
Genotype  Gender 
Trait  CLPG  N  SEM  Ram  Wether  Ewe  SEM 
Cold carcass wt, kg  33.5h  29.34  .81  33.8be  29.2""  31.1'  1.01 
Dressing, %  57.8h  53.94  .47  54.84  54.14  58.1h  0.58 
FDR1, cm  0.4e  0.6'  .06  0.24  0.7h  0.7h  .08 
FDS2, cm  2.2  1.8  .16  2.4  2.0  1.8  .19 
REA3, cm2  22.5"  17.44  .57  19.1  20.2  20.6  .66 
Leg wt., kg  4.9e  4.5'  .10  4.6  4.9  4.7  .10 
Trimmed leg wt, kg  4.4e  4.0'  .07  4.2  4.3  4.2  .08 
Neck, kg  1.4  1.3  .04  1.4  1.3  1.3  .05 
Shank, kg  0.9  0.9  .04  0.9  0.9  0.8  .05 
Shoulder, kg  7.3  7.3  .14  7.9h  7.14  6.94  .15 
Loin,  kg  2.9  2.9  .09  2.7  2.9  2.9  .11 
Rack, kg  2.2  2.1  .08  2.1  2.3  2.2  .09 
Riblets, kg  1.5'  1.8d  .09  1.6  1.7  1.6  .10 
Breasts,  kg  2.1  1.9  .10  1.64  2.3h  1.94  .11 
1FDR:  Fat depth over  rib  ey6;  FDS:  Fat  depth over  sacrum;  REA:  Rib eye  area; 
'-13'c(P<.10); ("e'f(P<.05);  4' "'1 (P<.01) 38 
compared to normal lambs (56 vs 52%; p<.01).  Previous studies
 
consistently indicated higher dressing percent for CLPG lambs
 
when compared to normal lambs.  The reported increases in
 
dressing percentage ranged from 2% (Koohmaraie et al., 1995)
 
to 5-8% (Snowder et al., 1994).
 
The higher dressing percentage occurred despite CLPG
 
lambs being leaner, as indicated by less internal fat  (19%
 
less KPF, p<.05) and lower subcutaneous fat (52% reduction in
 
fat over ribeye, p<.05).  Reduced fatness was not seen in all
 
measures; no genotype effect was observed for either fat over
 
sacrum or weight of omental fat.  The reduction in KPF and fat
 
over ribeye agrees with Meyer et al.  (1995a) who reported a
 
reduction of 38% in KPF and 31% reduction in fat over rib eye
 
for CLPG lambs as compared to normal lambs.  Jackson et al.
 
(1993b) reported no difference in backfat thickness between
 
CLPG and normal ram lambs; however, chemical analyses found
 
CLPG carcasses to contain less fat (p<.01).
 
The higher dressing percent of CLPG lambs, despite their
 
substantial reduction in fatness, is made possible by a large
 
increase in muscle mass. CLPG carcasses had 29% greater REA
 
(p<.01) and 6% heavier trimmed whole leg weight than normal
 
carcasses (p<.05).  The tremendous increase in muscularity in
 
this region of the carcass, combined with reduced fat over the
 
ribeye, produces a substantial increased in the proportion of
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high-priced cuts while supplying consumers with leaner meat.
 
Previous  published  reports  have  indicated REA increases
 
ranging from 22 to 33% (Snowder et al., 1994) to 80% (Jackson
 
et al., 1993b) for CLPG lambs.  The heavier leg weight is very
 
similar to that observed for CLPG lambs by Snowder et al.
 
(1994), and Meyer et al.  (1995a) also reported heavier leg
 
weights for carriers of the CLPG gene (4.6 vs 4.0 kg).
 
No genotype effect was found for other major cuts.
 
Gender had a significant effect on both cold carcass
 
weight and dressing percentage.  Ram lambs were significantly
 
heavier than both ewe and wether lambs  (p<.05), while ewe
 
lambs had significantly higher dressing percentage than both
 
rams and wethers  (p<.01).  The higher dressing percentage
 
occurred due to the ewe lambs being fatter, as indicated by
 
large  increases  in  both  internal  fat  (KPF,  p<.05)  and
 
subcutaneous fat at 12th rib (p<.01).
 
4.4.4  Muscle weights
 
Weight of all individually dissected muscles, adjusted to
 
the same cold carcass weight, are given in table 4.4.  Weight
 
of the two muscles dissected from the leg  (BFM,  SEM) were
 
significantly heavier  (43%  and 33%  and p<.05 and p<.01,
 
respectively) for CLPG lambs than for normal lambs.  Of the
 
two shoulder muscles dissected, only Triceps brachii was
 Table 4.4	  Least squares means (± SEM) for dissected muscles (g) adjusted for
 
cold carcass weight of Callipyge  (CLPG)  and normal  (N)  lambs of
 
three genders.
 
Genotype  Gender 
Trait, (No)  HM (No)  N (No)  SEM  Ram (No)  Wether (No)  Ewe (No)  SEM 
1BFM(16)  588b(10)  410a(6)  31  523(6)  482 (6)  491 (4)  39 
2SEM(16)  521a(10)  390d(6)  15  441(6)  451(6)  472(4)  19 
Deltoid(27)  196(16)  200(11)  8  208(6)  192(6)  195(15)  9 
Triceps(27)  258b(16)  215a(11)  12  268(6)  207(6)  235(15)  14 
3LM(24)  996a(14)  772d(10)  27  900(5)  867(5)  885(14)  32 
1BFM: Biceps femoris; 2SEM: Semimembranosus;
 
3LM: Whole Longissimus muscle;
 
a,b,c (p. 05)  d,e,f (p. 01) 41 
significantly heavier in CLPG carcasses (20% heavier, p<.05).
 
The weight of the intact Longissimus muscle was significantly
 
heavier for CLPG lambs than for normal lambs  (29% heavier,
 
p<.01).  In agreement with our results, previous reports have
 
consistently indicated that major leg and loin muscles are
 
heavier in CLPG lambs.  Koohmaraie et al.  (1995) reported an
 
increases of 42% and 38% for BFM and SEM in CLPG lambs when
 
compared  to  normal  lambs.  Meyer  et  al.  (1995a)  found
 
increases  for the weights of the two  leg muscles to be
 
somewhat  higher  (i.e.,  52%  and  51%,  respectively)  than
 
observed in this study.  Jackson et al.  (1993b) also reported
 
that Triceps brachii weights were heavier in CLPG lambs.
 
These data do not support the interpretation by Muggli-Cockett
 
et a/.(1993) that the muscling effect is exclusively in the
 
hind leg muscles.
 
Results  of  this  study indicate  that  gender had no
 
significant effect on weights of the five dissected muscles.
 
However, for each muscle, ram lambs were heaviest followed by
 
ewe and wether lambs (except for the SEM, in whichcase ewe
 
lambs had the heaviest weight followed by wether and ram
 
lambs).
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4.5  CONCLUSIONS
 
Lambs expressing the CLPG gene grew faster than
 
normal lambs both before weaning and while being grown to
 
slaughter weights on a concentrate diet post-weaning.  The
 
faster rate of growth was not accompanied by any advantage in
 
feed conversion efficiency.  CLPG lambs exhibited substantial
 
increases in mass of loin and major leg muscles; muscle mass
 
was also significantly larger for one of the two shoulder
 
muscles examined.  The increased muscularity was accompanied
 
by a reduction in both internal and subcutaneous fatness.
 
Despite  the  reduction  in  fatness,  CLPG  lambs  had  a
 
significantly greater dressing  %  due  to  their  increased
 
muscularity.
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5.1  ABSTRACT
 
Callipyge (CLPG, n=16) and normal  (N, n=11) lambs were
 
produced from Polypay dams and Dorset sires heterozygous for
 
the CLPG gene to study the effects of the gene on growth and
 
carcass parameters.  Lambs were grown as four groups with male
 
and female penned separately for each genotype. Lambs were
 
slaughtered in three groups to achieve moderate uniformity in
 
slaughter weight.  Two  leg muscles,  (Biceps  femoris and
 
Semimembranosus), two shoulder muscles,  (Deltoid and Triceps
 
brachii), the left whole Longissimus muscle and two loin chops
 
cut 2.5 cm thick were removed from each carcass, sealed in
 
cryovac wrap and frozen.  Muscles were not dissected from the
 
trimmed legs of the third slaughter group, instead the whole
 
trimmed leg was frozen.  Chops were cooked by grilling; all
 
other samples were individually placed in  a cooking pan,
 
wrapped  in  aluminum  foil,  and  roasted  to  an  internal
 
temperature of 70 °C.  CLPG carcasses produced higher Warner-

Bratzler shear values for loin chops(4.99 vs 2.75 kg, p<.01),
 
and individually roasted Biceps femoris  (4.12 vs 2.84 kg,
 
p<.01), Semimembranosus  (4.58 vs 3.57 kg, p<.05) and whole
 
loin muscle  (5.46 vs 2.92  kg,  p<.01),  but no significant
 
differences were detected for Deltoid (2.03 vs 2.04 kg)  or
 
Triceps brachii (2.54 vs 2.20 kg).  No genotype effects were
 
observed for Biceps femoris or Semimembranosus muscles which
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were dissected from whole roasted legs.  The two genotypes did
 
not differ in either cooking loss or percent moisture in the
 
cooked meat from any of the muscles except for a significantly
 
higher cooking loss for roasted Longissimus muscle from CLPG
 
lambs.  Exterior L  (lightness)  color values were higher
 
(p<.10) for leg and loin muscles from CLPG lambs.  CLPG lambs
 
also had slightly higher Yellowness  (Jo+)  and lower redness
 
(a+)  values for roasted Longissimus muscle.  There were no
 
significant difference in any color values for the shoulder
 
muscles.
 
Key Words: Lamb, Calliypge, Carcass, Meat
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5.2  INTRODUCTION
 
Tenderness is an important palatability trait in meat,
 
and consumers of lamb expect it to be more tender than other
 
red meats.  Meat tenderness is known to be influenced by
 
biological factors such as gender (Mendenhall and Ercanbrack,
 
1979) and age at slaughter (Bouton et al., 1978).  There has
 
been little evidence of any major genetic (breed) effects on
 
lamb  tenderness;  however,  recent  reports  suggest  lambs
 
carrying the Callipyge gene produce tougher meat, at least
 
from certain muscles (Meyer et al., 1995a).
 
Postmortem handling of lamb carcasses can also affect
 
meat tenderness (Morgan et al., 1991), and it is well known
 
that  cooking  technique  can  have  a  major  influence  on
 
tenderness of cooked meat, especially for some of the tougher
 
muscles.
 
Callipyge lambs produce leaner, more muscular, carcasses
 
than normal lambs (Koohmaraie et al.,  1995; Meyer et al.,
 
1995a) and do so more efficiently (Jackson et al.,  1993a).
 
The objective of this study was to examine the overall effect
 
of the Callipyge gene on tenderness and other aspects of meat
 
quality,  using several major muscles from throughout the
 
carcass.  For some muscles, cooking method was also examined
 
as a treatment to produce an acceptably tender product.
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5.3  MATERIALS AND METHODS
 
5.3.1  Animals for the experiment
 
Twenty seven lambs, 11 normal and 16 CLPG, produced from
 
Polypay dams and Dorset sires heterozygous for the CLPG gene,
 
were available for this study.  The 27 lambs, consisted of 15
 
females, six rams and six wethers.  The lambs were managed as
 
described in the accompanying paper (Haribaskar, 1997).
 
5.3.2  Muscle dissection
 
The intact left Longissimus muscle was removed from each
 
carcass 24 hours post-slaughter.  At 48 hours post-slaughter,
 
carcasses were broken into wholesale cuts and the following
 
samples were collected: Triceps brachii (TB) and Deltoid (DM)
 
(right shoulder), two bone-in loin chops cut 2.5 cm thick
 
(right loin), Biceps femoris (BFM) and Semimembranosus (SEM)
 
(right leg;  slaughter groups one and two),  and the whole
 
trimmed right leg (slaughter group three).  All samples were
 
vacuum packed and stored at -18°C for approxiamtely 10 weeks.
 
5.3.3  Cooking techniques
 
Loin chops were thawed for 36 hrs at 3°C, trimmed to .6mm
 
external fat, individually weighed, and grilled on a preheated
 48 
(200-220°C)  Farber-ware smokeless grill  (Model  #  R 4550,
 
Farberware, Inc).  During cooking, temperatures were monitored
 
with a Leeds and Northrup W12 temperature recorder via saber
 
thermocouples inserted into the center of each chop.  Chops
 
were turned at 40°C and removed from the grill upon reaching
 
70°C internal temperature.  Each cooked chop was weighed for
 
cooking loss determination.
 
Shoulder (Triceps brachii (TB) and Deltoid (DM)) and leg
 
muscles (Bicepsfemoris  (BFM) andSemimembransous  (SEM)) were
 
individually defrosted for 4 hrs at room temperature followed
 
by 20-36 hrs at 3°C, weighed and placed on a wire rack in an
 
aluminum pan.  The entire muscle plus pan was wrapped in heavy
 
aluminum foil and placed in a preheated (177°C) electric oven
 
(Kenmore) until the meat reached an internal temperature of
 
70°C.  Temperature  and  cooking  time  were monitored  and
 
recorded as for the chops.  The cooked muscle and moisture/fat
 
accumulated in the pan were weighed to determine drip and
 
evaporation loss during cooking.
 
A 7.6 cm section was cut from the center of each
 
intact frozen Longissimus muscle. The sections were defrosted
 
and cooked as for the dissected shoulder and leg muscles.
 
Whole  legs  were  defrosted  and  cooked  as  for  the
 
individual shoulder and leg muscles except that the legs were
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not covered during cooking.  Following cooking, the BFM and
 
SEM muscles were dissected out to use for the meat quality
 
studies.
 
5.3.4  Color determination
 
A cross sectional slice  approximately .5 cm thick was
 
removed from each cooked sample to measure color using a
 
Minolta Labscan. Light reflectance was expressed as lightness
 
(L), redness(al, and yellowness(b+).
 
5.3.5  Warner-Bratzler shear force
 
A minimum of three cores, each of 1.27 cm diameter and
 
taken parallel to the muscle fiber, were collected from each
 
cooked sample  and showed with the Warner-Bratzler shear
 
apparatus (25 kg X 50 g dyanometer scale, G.R. Electric Mfg.
 
CO., 1317 Collins Lane, Manhattan, KS) to measure shear force.
 
5.3.6  Moisture content estimation
 
The AOAC oven method (Horwitz,  1980) was used to
 
determine moisture content of cooked meat.  Samples weighing
 
40-50 g were collected from each grilled chop or roasted
 
muscle, cut into small pieces, frozen in liquid nitrogen, and
 
powdered.  Triplicate subsamples, each of approximately 10 g,
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were weighed, dried in a vacuum oven at 95°C for 36 hrs, and
 
re-weighed to determine moisture loss.
 
5.3.7  Data analysis
 
All data were analyzed by the GLM procedure in SAS
 
(SAS, 1990). Shoulder muscle(DM and TB) data were analyzed by
 
fitting genotype and gender as main effects.  Leg muscle(BFM
 
and SEM) data were analyzed by fitting genotype and cooking
 
technique(roasted as individually dissected muscles or as
 
whole leg) as main effects.  Gender was not included in the
 
model because whole legs were from females only; however,
 
preliminary  analysis  of  leg muscles  cooked  individually
 
indicated no evidence of a gender effect.  Loin data were
 
analyzed by fitting genotype, gender and cooking technique
 
(grilled chops vs roasted section of dissected Longissimus
 
muscle).  All 2-way interactions were included in all initial
 
analyses and were dropped from final analysis if p>.50.
 
5.4  RESULTS AND DISCUSSION
 
Means for shear values, moisture content and cooking loss
 
are presented in table 5.1 for the various muscles analyzed.
 
The primary difference between CLPG and normal lambs was
 
seen in shear values for Longissimus muscle.  The mean shear
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value of cooked chops  from CLPG lambs was significantly
 
greater than that of chops from normal lambs (4.99 vs 2.75 kg;
 
p<.01).  These results agree with the higher shear value
 
reported for grilled chops by Busboom et al.  (1994) and Meyer
 
et al.  (1995a).  The roasted section of Longissimus muscle
 
from CLPG lambs was also significantly tougher than that from
 
normal lambs  (5.46 vs 2.92 kg; p<.01).  In both CLPG and
 
normal lambs,  roasted Longissimus muscle had higher shear
 
values than grilled loin chops.
 
When  dissected  (BFM  and  SEM)  muscles  were  roasted
 
separately, CLPG lambs had higher shear values for both BFM
 
and SEM (4.12 vs 2.84 kg and 4.58 vs 3.57 kg, respectively).
 
However, when the same muscles were dissected after cooking of
 
whole legs, shear values for CLPG and normal lambs did not
 
differ.  The higher shear values for CLPG individually-roasted
 
leg muscles do not agree with the results of Meyer et al.
 
(1995a) who reported no significant difference in shear values
 
for BFM  (2.6 vs 2.5 kg)  and SEM  (4.9 vs 4.5  kg)  muscles
 
between CLPG and normal lambs.  The tougher CLPG chops and
 
lack of a difference in shear values for leg muscles appear to
 
be in agreement with the taste panel results of Rawlings et
 
al.  (1994),  in which the panel expressed dislike for CLPG
 
chops  but  no  difference  for  leg muscles  from  the  two
 
genotypes.
 Table 5.1.	  Least squares means (±SEM) for meat characteristics of shoulder
 
muscles, Longissimus muscle, and leg muscles from Callipyge (CLPG)
 
and normal(N)  lambs.
 
Shear force,  kg  Moisture,  %  Cooking loss,  %
 
Sample  CLPG  N  SEM  CLPG  N  SEM  CLPG  N  SEM
 
LW- 4.99f  2.75e  0.26  67.2  66.8  0.51  17.5  19.0  1.8
 
LM2  5.46f  2.92e  0.27  63.6  63.6  0.55  28.41'  23.2a  1.9
 
BFM3  4.12f  2.84e  0.28  63.2  64.3  0.77  23.2  22.7  1.4
 
BFM4  3.10  3.04  0.34  58.8  57.9  0.90
 
SEM5  4.58d  3.57c  0.28  64.6  63.9  0.77  23.1  20.9  1.6
 
SEM6  3.77  3.29  0.34  63.9  63.8  0.90
 
Deltoid  2.03  2.04  0.12  64.5  65.9  0.53  23.2  21.2  1.4
 
Triceps  2.54  2.20  0.13  67.4  67.6  0.43  20.6  18.1  0.9
 
1111:Loin chops; LM2: 7.6 cm size cut from whole Longissimus muscle;
 
BFM3 :Dissected Biceps femoris; BFM4:Biceps femoris dissected from roasted whole leg;
 
SEM5: Dissected Semimembranosus; SEM6: Semimembranosus dissected from roasted leg;

a,b(p.1); c,d(p.05)
  e,f(p<.01);
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CLPG and normal lambs did not differ significantly in
 
shear value for the muscles dissected out from the shoulder.
 
However, the CLPG lambs had higher shear value for TB muscle
 
(2.53 vs 2.20 kg).
 
There was no significant difference (P>.1) between CLPG
 
and normal lambs in moisture content for any of the dissected
 
muscles.  CLPG lambs had slightly higher cooking loss% for all
 
the dissected muscle when compared to normal lamb muscles but
 
none of them were significantly different (p>.1).  When the
 
leg was cooked intact,  the normal leg had slightly higher
 
cooking loss% than CLPG lamb leg (27.9 vs 27.4%).
 
The results of the color evaluation of shoulder and leg
 
muscles and Longissimus muscle are given in table 5.2. For
 
Loin chops either grilled or roasted, SEM, either individually
 
cooked or as whole leg, and for BFM individually cooked (all
 
p<.05) CLPG lambs had significantly higher lightness values,
 
and it approached significance for the BFM when cooked as
 
whole leg  (p<.10).  For shoulder muscles, DM and TB,  CLPG
 
lambs had slightly higher lightness values than normal lambs.
 
CLPG lambs had slightly higher redness values than normal
 
lambs muscles, but the difference were not significant for any
 
of the cooked muscles  (p>.10).  Riffero and Holmes  (1983)
 
reported that  higher values  for  redness  in  cooked beef
 
indicate less oxidation or heat denaturation of the myoglobin
 Table 5.2.  Least squares means  (±SEM)  for color evaluation of shoulder muscles,
 
leg muscles, and Longissimus muscle from Callipyge (CLPG)
 
and normal(N) lambs.
 
Lightness(L)  Redness (a+)  Yellowness (b+)
 
Sample  CLPG  N  SEM  CLPG  N  SEM  CLPG  N  SEM
 
LM1  51.6d  45.3c  1.9  3.35  3.82  0.4  15.9  14.2  0.9
 
LM2  52.7f  44.7e  2.1  3.34a  4.32b  0.4  17.2b  13.8a  1.1
 
BFM3  51.1b  45.9a  1.9  3.68  4.15  0.5  14.7  15.5  0.4
 
BFM4  48.6d  42.7c  2.4  4.08  4.12  0.6  14.6  15.2  0.5
 
SEM5  51.16  45.2c  1.9  3.62  4.35  0.5  14.3  15.2  0.4
 
SEM6  49.5d  41.6c  2.4  3.58  4.38  0.6  14.8  14.9  0.5
 
Deltoid  45.5  43.1  1.6  3.54  4.06  0.3  14.4  14.9  0.3
 
Triceps  44.1  41.9  1.7  3.69  4.30  0.4  14.4  14.5  0.4
 
LM1:Loin chops; LM2: 7.6 cm size cut from whole Longissimus muscle;
 
BFM3:Dissected Biceps femoris; BFM4:Biceps femoris dissected from roasted whole leg;
 
SEM5: Dissected Semimembranosus; SEM6: Semimembranosus dissected from roasted leg;
 
a'b(P<.1); c'd(P<.05­ ); e,f(p<.01);
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pigment,  but  no  evidence  is  yet  available  to  indicate
 
differences between CLPG and normal lambs in either level or
 
chemical structure of myoglobin.
 
Yellowness values  of  shoulder  and  leg muscles were
 
slightly higher for the CLPG lambs compared to normal lambs.
 
For grilled loin chops,  normal lambs had slightly higher
 
yellowness values, but it approached significance for the
 
roasted loin chops (p<.1).
 
5.6  CONCLUSIONS
 
The CLPG gene appears to have differential effect on
 
cooked meat parameters of muscles from various parts of the
 
body, and the effect may be mediated by cooking technique.
 
When compared to those from normal lambs, CLPG Longissimus
 
portions were tougher whether grilled or roasted.  Both CLPG
 
leg muscles (BFM and SEM) were also tougher when roasted as
 
individual muscles, but did not differ from normal muscles
 
when roasted as part of intact legs.  No differences in
 
toughness  were  seen  for  shoulder muscles  from  the  two
 
genotypes even when roasted as individual muscles.
 
The two genotypes did not differ in either cooking loss
 
or moisture content for any of the muscles measured except
 
that roasted Longissimus from CLPG lambs had higher cooking
 
loss following cooking.  For all muscles, the color of cooked
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meat  was  lighter  for  CLPG  lambs  regardless  of  cooking 
technique. 57 
CHAPTER 6
 
DISCUSSION
 
This study was conducted to evaluate the effect of the
 
CLPG  gene  on  growth performance,  and  carcass  and meat
 
characteristics of lambs.
 
Results of the growth performance portions of this study
 
indicate that CLPG lambs have significantly higher ADG (0.26
 
vs 0.23 kg; p<.05) than normal lambs.  However, the CLPG gene
 
did not have any effect on the feed efficiency of lambs.
 
Higher ADG is advantageous from the producer's standpoint.
 
Producers  can  produce  heavier  lambs  more  desirable  for
 
packers, for whom heavier carcasses reduce the overhead cost.
 
Moreover,  producing  heavier  carcass  may  yield  possible
 
premiums from packer to producers.  The higher ADG for CLPG
 
lambs in this trial does not agree with previous results which
 
indicated that the CLPG gene did not have any effect on ADG
 
(eg. Snowder et al.,  1994).  In another study conducted at
 
Texas Tech, Jackson and Green (1993)  found that CLPG lambs
 
were superior in feed efficiency to normal lambs (p<.01).
 
Dressing percent increased from an average of 52.6% in
 
normal lambs to 56.6% in CLPG lambs,  an increase of 4%.
 
Results from previous studies have consistently indicated an
 
increase of 2-8% in dressing percent for CLPG lambs compared
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to normal lambs  (Snowder et al.,  1994; Koohmaraie et al.,
 
1995; Meyer et al., 1995a).  Since many slaughter lambs are
 
sold based on double the carcass weight, CLPG lambs would
 
offer a substantial economic advantage for producers.
 
As consumers have become more diet-conscious,  excess
 
carcass  fatness has become  a major problem in  the  lamb
 
industry.  The CLPG gene may offer a solution to the problem,
 
since CLPG animals are substantially leaner.  In this study,
 
fat thickness at the 12th rib of CLPG lambs was 34% less than
 
that for normal lambs; other studies have reported reductions
 
of  17  to 54%.  The amount of kidney/pelvic fat was also
 
reduced for CLPG lambs compared to normal lambs.
 
The substantial reduction in fatness of CLPG carcasses is
 
countered by a large increase in muscle mass.  The most
 
obvious characteristics of animals expressing the CLPG gene is
 
muscle hypertrophy.  Several studies have found that CLPG
 
lambs  have  increased muscularity in  the hind  limbs  and
 
Longissimus muscle area compared to normal lambs.  Rib eye
 
area increased an average of 23% (ranging from 22 to 80% among
 
other studies) for CLPG lambs compared to normal lambs, with
 
2.77 and 3.41 sq.  inches for normal lambs and CLPG lambs,
 
respectively.  Previous studies had indicated an increase of
 
22  to 33%  (Snowder et al.,  1994),  34%  (Koohmarie et al.,
 
1995),  70%  (Meyer et al.,  1995a), and 80%  (Jackson et al.,
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1993b)  in rib eye area for CLPG lambs compared to normal
 
lambs.
 
Producers may benefit from increase in efficiency of lean
 
meat production and possible price premiums from packers for
 
improved carcasses.  Packers benefit from increased yield of
 
sub-primals,  and retailers may see an increased consumer
 
demand for the larger and leaner retail cuts from CLPG lamb
 
carcasses.
 
However,  all of these advantages are dependent upon
 
consumers  acceptance  of  lamb  cuts.  The most  important
 
question is the tenderness of meat produced from CLPG animals.
 
Our observation of higher Warner-Bratzler shear values for
 
Longissimus muscle of CLPG lambs compared to normal lambs
 
agrees with other studies in which Longissimus muscles from
 
the two types of lambs were compared (eg. Koohmaraie, 1995,
 
and Meyer,  1995).  The  shear  values  from  CLPG  had  a
 
coefficient of variation of 29.6%,  compared to 20.7%  for
 
normal lambs.  Greater variability in shear values of meat
 
from CLPG lambs agrees with previous studies (Carpenter and
 
Solomon, 1995; Kerth et al., 1995).  Results from this trial
 
for the grilled loin chops indicate 81% greater shear value
 
for CLPG lambs than for normal lambs (4.99 vs 2.75 kg; p<.01).
 
The same trend existed when a 7.6 cm section of Longissimus
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muscle was roasted; 86% more shear value for CLPG lambs than
 
for normal lambs (5.46 vs 2.92 kg; p<.01).
 
As with loin chops, roasted individual leg muscles (BFM
 
and SEM) had a significantly higher shear value when from CLPG
 
lambs compared to normal lambs (3.94 vs 2.92 kg and 4.58 vs
 
3.57 kg respectively; p<.05).  However, when individual leg
 
muscles were dissected out from cooked whole legs, CLPG and
 
normal lambs did not differ in shear values.  Our results of
 
higher shear values for individually roasted leg muscles do
 
not agree with previous results of Meyer et al.  (1995a) who
 
reported no effect of the CLPG gene on shear values for BFM
 
(2.6 vs 2.5 kg) and SEM (4.9 vs 4.5 kg)  for CLPG and normal
 
lambs.  The shoulder muscles, DM and TB, from CLPG and normal
 
lambs did not differ in shear values.
 
The CLPG gene did not have any significant effect in
 
moisture content or cooking loss percent  in  any of  the
 
dissected muscles except for the roasted Longissimus muscle,
 
in which case CLPG muscles had higher cooking loss than did
 
the same muscles from normal lambs (p.1).
 
Color evaluation results  indicated that CLPG muscle
 
samples were lighter than samples from normal lambs. The CLPG
 
gene did not have any effect on muscle redness or yellowness
 
values except for the roasted Longissimus muscle which was
 
less red and more yellow for CLPG lambs (p<.1).
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